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Introduction 

Enteric diseases of newborn animals represent a serious economic problem 
and may be caused by several different etiologic agents (24). The importance 
of viruses as causes of enteritis in the newborn became recently evident 
(8,9,11,14,15,16,21,25). 

The viral cause of transmissible gastroenteritis of newborn pigs (7) was 
first identified as a coronavirus by Tajima (26). Later coronaviruses were 
recognized as a cause of enteritis and hepatitis in mice (22), and enteritis of 
calves (23) and dogs (1). 

The coronavirus strain LY-138 used in the present studies had been 
recovered in 1965 from intestinal samples of newborn diarrheic calves. 
Several attempts to cultivate this strain in different types of cultured bovine 
fetal cells were unsuccessful. This viral agent was maintained by oral inocula¬ 
tion and intestinal infection of newborn calves (6). 

The purpose of the present study was to describe histopathologic intestinal 
changes and to relate them to ultrastructural cytopathic features observed in 
intestinal epithelial cells of newborn calves inoculated orally with LY-138 
coronavirus. 

Material and Methods 

Seven conventional newborn calves were used as principals. They were 
separated from their dams immediately after birth without access to colostrum. 
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They were kept in isolation stalls and were inoculated orally during the first 
24 h after birth with a homogenate of intestinal mucosal scrapings containing 
coronavirus strain LY-138. 

The initial inoculum was prepared from intestinal mucosal scrapings of 
a naturally-infected diarrheic calf (LY-138). Intestinal samples of the experi¬ 
mentally inoculated calves served as viral source to prepare the inoculum for 
the 7 calves of the present study. Intestinal mucosal scrapings were homo¬ 
genized in Dulbecco’s phosphate buffer solution to make a 10 % homogenate. 
The homogenate was centrifuged at 3000 xg for 15 min. to eliminate coarse 
debris. The supernatant fluid was carefully recovered and centrifuged twice 
at 17,300 xg for 30 min. each in a refrigerated centrifuge. Seventy ml. of the 
second supernatant was further diluted with Dulbecco’s phosphate buffer to 
make a 200—300 ml. inoculum for each calf. The calves drank the inocula 
from nippled bottles. 

Necropsy examination was performed when the calves readied a mori¬ 
bund stage 30—48 h after inoculation. They were killed by electrocution. The 
abdominal viscera were exposed at once. Intestinal tissue specimens from the 
various levels of the intestinal tract were collected. For light microscopic 
studies tissue specimens were fixed in 10% neutral buffered formalin. They 
were processed routinely for paraffin embedding and sectioned at a thickness 
of 5 fx. Mounted sections were stained with hematoxylin and eosin. Villus-to- 
crypt ratios were measured in histological sections using an ocular micrometer. 



Fig. 1. Villi (v) of the middle jejunum are broader and shorter than normal. Petechial 
hemorrhages (arrows) are at the tips of denuded villi. Basal lamina (BL) separates the lamina 
propria from the gut lumen, and remaining epithelial cell lining (ECL) is cuboidal and 
squamous. Crypts of Lieberkiihn (CL) are hypertrophic. H and E stain. 700 X 
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For ultrastructural studies, several intestinal 2-mm-wide rings were taken 
from the different levels of the intestinal tract and placed immediately into 
a petri dish containing ice-cold 6.25 °/o phosphate buffered glutaraldehyde at 
pH 7.2. When the tissue specimens became rigid after 4—5 min., they were 
cut into 1-mm 3 tissue blocks parallel to the longitudinal axis of the villi and 
prefixed for 2 h. The specimens were then washed in phosphate-buffered 
saline solution and postfixed for 1 h in 1 °/o osmium tetroxide of Millonig 
(18). The tissue blocks were dehydrated and embedded in Epon 812 as 
described by Luft (13). They were oriented in flat rubber molds to obtain 
sections parallel to the longitudinal axis of the microvilli. Ultrathin sections 
were cut with the MT 2-B ultratome, and they were stained with uranyl 
acetate (28), followed by lead citrate (20). All specimens were examined with 
an HU-12 Hitachi electron microscope. 


Results 

Clinical signs: The calves developed a profuse yellow watery diarrhea 
24—30 h after inoculation. There was a slight rise in body temperature with 
a gradual decline as the calves became moribund. The calves became dehy¬ 
drated, but they continued to drink milk provided. They readied a moribund 
stage 30—48 h after oral inoculation. Details of the pathophysiology in new¬ 
born calves inoculated with strain LY-138 were reported (19). 

Gross pathologic changes: On postmortem examination, abundant foamy 
yellow fluid was present in the small and large intestines. The small intestinal 





Fig. 2. Villi (v) of proximal jejunum are fused (small arrows) between tips and intervillous 
zones. Epithelial cell lining is vacuolated (CV). The lamina propria is infiltrated with 
mononuclear cells (large arrow). CL = crypt of Lieberkiihn. H and E stain. 560 X 
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Fig. 3. Crypts of Lieberkiihn (CL) are lined with squamous epithelium (ECL). The lumina 
are dilated with inflammatory exudate (IE), consisting of mononuclear, sloughed epithelial, 
and a few polymorphonuclear cells. H and E stain. 1,400 X 


wall was atonic and appeared thin and almost transparent in the region of 
the proximal and middle jejunum. With the exception of the duodenum the 
intestinal mucosa was hyperemic and had otherwise minimal gross lesions. The 
stomach was usually filled with milk curds, and the abomasal leaflets were 
hyperemic and edematous. The mesenteric lymph nodes were enlarged and 
their associated blood vessels were congested. 

Histologic changes: Coronavirus strain LY-138 infected cells of both the 
small and large intestine of newborn calves. The small intestine, particularly 
the proximal jejunum, was the site of the most severe histopathologic lesions, 
and the large intestine was affected to a lesser degree. 

The intestinal mucosa of the duodenum appeared normal. The jejunum 
and ileum had histologic alterations of the mucosal architecture. The villi were 
shortened and broader than normal with extensive fusion of adjacent villi 
(Figs. 1, 2). Villus-to-crypt ratios averaged 2 : 1 as compared with a value 
of 6 : 1 in normal calves. Some villi were denuded above the intervillous 
zones and had petechial hemorrhages on the apical surface (Fig. 1). Other 
villi were covered with cuboidal or flattened epithelial cells (Figs. 1, 2). The 
absorptive epithelial cells had lost their nuclear palisading, and they had 
vesiculated nuclei and an increased number of vacuoles. Some of these vacuoles 
were large and contained eosinophilic debris. Other absorptive epithelial cells 
were at different stages of degeneration and necrosis. Goblet cells were reduc¬ 
ed in number. The crypt epithelium became hyperplastic and had an increased 
number of mitotic figures (Fig. 1). Some crypts of Lieberkiihn were distended 
and contained inflammatory exudate and cellular debris, and had flattened 
epithelial cell lining (Fig. 3). The lamina propria mucosae was edematous and 
moderately infiltrated with mononuclear and a few polymorphonuclear cells 
(Figs. 1,2). Connective tissue cells were swollen and had proliferated in the 
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Fig. 4. Notice the cuboidal epithelial cell (EC), the mononuclear cell infiltration (arrows), 
and affected crypts of Lieberkuhn (CL) in section of large intestine. Tunica muscularis 
mucosae (TMM). Dilated blood vessel engorged with red blood cells. H and E stain. 560 X 


Light and Ultrastructural Pathologic Changes in Intestinal Coronavirus Infection 371 

edematous lamina propria mucosae. Blood vessels were dilated and engorged 
with red blood cells. A few small, superficial focal hemorrhages were observed 
in the abomasal and intestinal mucosa. Peritonitis characterized by mono¬ 
nuclear cell infiltration was observed in one calf. 

The histologic changes in the large intestine were less severe than those 
of the small intestine. Vacuolation, desquamation, and sloughing of intestinal 
epithelial cells were evident. The crypts of Lieberkuhn were hyperplastic. 
Some were dilated and their epithelial cell lining had sloughed and 
degenerated (Fig. 4). 

Ultrastructural pathologic changes: Examination of ultra thin sections of 
the coronavirus-infected intestinal mucosa revealed that infection involved 
both the villous epithelial cell lining and some cellular components of the 
lamina propria mucosae. Morphologically, viral replication occurred entirely 
in the cytoplasm of infected cells with no apparent nuclear involvement. Viral 
structures were observed enmeshed in electron-dense, granulo-fibrillar material 
within membrane-bound, cytoplasmic structures and dilated cisternae of the 
rough endoplasmic reticulum, or within cytoplasmic vacuoles and Golgi 
vesicles (Figs. 5, 6). In the latter cytoplasmic structures, some but not all 
virions had fine thread- like projections. Enveloped virions measured approxi¬ 
mately 90 nm in diameter (Fig. 5). 

Ultrastructural pathologic changes induced by coronavirus infection were 
not difficult to assess in ultrathin sections. The intestinal villi were lined with 
low columnar, cuboidal or squamous epithelial cells. Some intestinal villi 
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were completely denuded and had no epithelial cell lining (Fig. 7). The lamina 
propria mucosae of such villi was separated from the gut lumen by a festooned, 
fragmented basal lamina, and had attached to its epithelial side a few cellular 
components and viral particles (Fig. 7). 

Infected cells were present among apparently normal neighbouring cells. 
Viral replication occurred mainly in the mature, differentiated absorptive 
epithelial cells and goblet cells of the villi (Figs. 5, 6, 8). Undifferentiated 
epithelial cells at the base of the villi as well as fibroblasts and endothelial 
cells of small blood capillaries of the lamina propria mucosae were occasionally 
infected (Fig. 9). 

The infected absorptive intestinal epithelial cells were at various stages 
of degeneration and necrosis, depending on the progress of viral development. 
Cells at the early stage of infection had an increased number of free ribosomes. 
Large aggregates of single ribosomes were infrequently observed around the 



Fig. 5. Absorptive intestinal epithelial cell containing viral factories (VF) some of which are 
in process of fusion (double-headed arrow), and a few microvilli (MV). Rough endoplasmic 
reticulum (RER), mitochondrion (M), and enveloped virion (EV). Uranyl acetate-lead 

citrate stain. 55,000 X 
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rough endoplasmic reticulum. Viral structures were not seen to be associated 
with such aggregates. Distension of smooth and rough endoplasmic reticulum 
with electron-dense, granulo-fibrillar material was frequently observed 
(Fig. 10). The rest of the cellular organelles appeared morphologically normal 
at the early stage of infection of cells. As viral replication progressed, well 
defined, membrane-bound, round cytoplasmic structures, measuring 0.2 to 
0.5 p,. in diameter and filled with granulo-fibrillar, electron-dense material, 
appeared in the apical cytoplasm of infected cells (Fig. 5). These cytoplasmic 
structures were considered as viral factories. Embedded in their matrices were 
varying numbers of viral core structures. Electron-dense, closely packed, con¬ 
voluted tubular structures were occasionally observed in the cytoplasm of 
infected cells. The Golgi complex became vesiculated. Large numbers of Golgi 
vesicles containing viral structures were observed (Figs. 6, 8). At this stage 
of coronaviral infection, cellular organelles became degenerated, as evidenced 


Fig. 6, Infected intestinal absorptive epithelial cell with Golgi complex (GC) vesiculation, 
virions in Golgi vesicles, dilated rough endoplasmic reticulum (RER), cytoplasmic vacuoles 
(CV) lined internally with viral particles, and a few distorted microvilli (MV). Mitochondria 
(M), viral factories (VF). Uranyl acetate-lead citrate stain. 15,200 X 
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by fine vacuolation of the cytoplasmic matrix. Mitochondria became swollen 
and dilated and their number decreased. The space between the nuclear 
envelopes became wider, but other morphologic changes were not observed in 
the nucleus. 

With the emergence of enveloped virions and release of viral particles, 
severe degenerative and early necrotic changes affected the cellular organelles. 
From this stage on, ribosome depletion, loss of electron-density of the cyto¬ 
plasmic matrix, fragmentation and distortion of mitochondrial cristae, and 
heterochromatin margination of the nuclei were detected. The cytoplasmic 
matrix of infected cells was replaced by large numbers of smooth-surfaced, 
cytoplasmic vacuoles lined internally with viral structures. Large inclusions 


Fig. 7. Denuded epithelial cell surface (ECS) of a villus. Basal lamina (BL) is festooned, 
fragmented and separates the lamina propria mucosae (LPM) from the gut lumen. Virions 
(arrows) are present at the epithelial cell surface, surface of a fibroblast (FC) and in the 
lamina propria mucosa (LPM). Polymorphonuclear (PLM) cell within the lumen (L) of 
lymphatic channel. Uranyl acetate-lead citrate stain. 12,800 X 
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replaced most of the cytoplasmic matrix in some epithelial cells. These inclu¬ 
sions contained numerous viral particles or viral factories, degenerated and 
necrotic mitochondria, fat droplets, myelin figures and accumulations of lyso- 
some-like material (Fig. 11). The plasmalemma became fragmented and the 
nuclei became pyknotic and lysed. The microvilli of infected cells had a broad 
spectrum of pathologic changes. They were normal or slightly altered in the 
early stages of infection. They were short, distorted, sparse or completely 
absent over large areas of the epithelium during the late stages of infection 
(Figs. 5, 6, 9). 

The lamina propria mucosae was edematous and infiltrated with a large 
number of mononuclear cells. The connective tissue cells were swollen, and 
some fibroblasts were infected. Free virions were seen in the lamina propria 
mucosae. The endothelial cells of the small blood capillaries were also found 
to be infected. Free viral particles were seen in the lumina of capillaries 
(Fig. 12). 
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Large numbers of extracellular viral particles were observed free in the 
gut lumen. Virions often lined the apical plasmalemma and microvilli of 
normal appearing and infected intestinal epithelial cells (Figs. 9, 13). Virions 
were also present within the intercellular space of adjacent intestinal epithelial 
cells (Fig. 14). Desquamated infected epithelial cells were in the gut lumen. 

Discussion 

Intestinal coronavirus infections leading to diarrhea were studied histo¬ 
logically in pigs, calves and dogs (8, 10, 16, 27). The intestinal changes induced 
by infection with coronaviruses in piglets and calves were also analyzed by 
scanning electron-microscopy (17, 29). 

This intestinal viral infection has not been studied in depth by trans¬ 
mission electron-microscopy. Light microscopic histologic changes in the in¬ 
testine of newborn calves were compared with and related to detailed ultra- 
structural analysis of associated cellular changes. The specimens were from 



Fig. 9. Virions adsorbed to microvilli (MV) of an infected undifferentiated epithelial cell 
(UEC) at a base of a villus. Arrow points to viral factories. Gut lumen (GL), degenerated 
mitochondrion (M) of remnant of an extruded infected epithelial cell. Uranyl acetate-lead 

citrate stain. 16,800 X 




Light and Ultrastructural Pathologic Changes in Intestinal Coronavirus Infection 377 



calves orally inoculated with viral strain LY-138 which has not yet been 
successfully adapted and propagated in cultured cells and which has morpho¬ 
logic properties of coronaviruses (6). 

The histologic changes observed in our investigations were similar to 
those described by Mebus and coworkers (.16) in calves, and they also 
corresponded to the basic pattern of changes described in transmissible gastro¬ 
enteritis of pigs (8, 27) and those induced by coronaviral strain N-71 in dogs 
(10). After oral ingestion, the coronaviral strain LY-138 infected the absorp¬ 
tive epithelial cell lining of the intestinal villi resulting in atrophy of the villi, 
decrease in height and extensive sloughing of intestinal epithelial cells that 
resulted in some denuding. The basis of this change is obviously the excessive 
rate of ceH death from the cytocidal action of the coronavirus. 

The clubbing of the intestinal 
ivirau uwamr villi probably resulted from the 

dilation of the small blood capilla¬ 
ries at the apices of the villi, from 

-• \ ■'* _ the lamina propria mucosa of the 

V*,. Afc ' villi. The extensive fusion of villi 

*» ~ ' can k e attributed to the fact that 

,- V Wj/V •,t V" swollen and shorter villi are less 

mobile and tend to adhere to each 

MreraBraffifr &.£■ other. 


•’ Am' / Fig. 10. Extensive dilation of the rough 

endoplasmic reticulum network (RER) of 
V >%--V £ an infected absorptive intestinal epithelial 

‘ • 3* % l' \ cell. A few virions (arrows) are present 

within Golgi vesicles. Mitochondria (M), 
early cytoplasmic vesiculation (CV). 

Uranyl acetate-lead citrate stain. 

• •. <S*» i6,ooo x 

The absorptive intestinal epithelial cells became vacuolated. Some of the 
large vacuoles contained eosinophilic debris. These cytoplasmic inclusion-like 
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structures can be detected in the light microscope. They contained, as revealed 
ultrastructurally, viral particles, viral factories and lysosome-like structures 
and were usually bounded by a membrane. 

While scanning electron microscopy gave valuable information of the 
topography of the lesion in an organ like the intestinal tract, transmission 
electron microscopy granted us insight into the affected cells. The range of 
infected cells could be clearly identified. The different stages of viral mor¬ 
phogenesis were correlated to changes in cellular organelles and to the gradual 
progress of the cytocidal action. Observations on the behavior of cellular 
organelles in the course of viral multiplication gave an indication of the loss 
of cellular functions, which may contribute to the pathogenesis of an intestinal 
disease before the ultimate death of infected cells. 



Fig. 11. Apical cytoplasmic matrix (CM) of an infected intestinal absorptive epithelial cell 
replaced by a large inclusion consisting of viral factories (VF), virions, cytoplasmic vacuoles 
(CV) lined internally with virions, lysosome-like material (LM), myelin figures (MF), and a 
cluster of mitochondria (M). Nucleus (N). Uranyl acetate-lead citrate stain. 24,000 X 
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The virions of coronaviral strain LY-138 interacted with the glycocalyx 
and adsorbed to microvilli and were taken up through the brush border of 
the absorptive intestinal epithelial cells. They also were seen in the intercellular 
spaces of neighbouring intestinal epithelial cells and appeared to enter cells 
through the lateral cell membrane by fusion. The mechanisms by which this 
coronaviral strain penetrates the glycocalyx and by which it gains access into 
intercellular spaces should be explored further. 



The absorptive intestinal 
epithelial cell was the cell 
type most frequently infec¬ 
ted, but the virus also repli¬ 
cated in goblet cells and 
undifferentiated epithelial 
cells of the villi, and in fibro¬ 
blasts and endothelial cells 
of small blood capillaries of 
the lamina propria mucusae. 


Fig. 12. Virions (arrows) at the 
basal portion of absorptive epithe¬ 
lial cell (AEC) and in the lumen 
of small blood capillary (BC). 
Basal lamina (BL) is festooned and 
fragmented. Mitodiondria (M), la¬ 
mina propria mucosae (LPM). 
Uranyl acetate-lead citrate stain. 

16,000 X 


There was an interesting pattern of involvement and reaction of cellular 
organelles in this coronaviral infection. The rough and smooth endoplasmic 
reticulum became dilated and filled with electron-dense, granulo-fibrillar 
material. Membrane-bound viral factories occupied large areas of the supra¬ 
nuclear cytoplasm of infected absorptive intestinal epithelial cells. Viral cores 
condensed in the electron-dense, granulo-fibrillar material within viral fac¬ 
tories and the rough endoplasmic reticulum. The possible significance of this 
reaction in coronaviral morphogenesis was described elsewhere (6). Cyto¬ 
plasmic vacuoles and Golgi vesicles formed during the process of virus matura- 
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Fig. 13. Virions (v) lining the apical plasmalemma (PL) of an infected absorptive epithelial 
cell. Notice the scarcity of microvilli (MV). Mitochondrion (M), gut lumen (GL), nucleus (N). 
Uranyl acetate-lead citrate stain. 28,000 X 


tion rather than with secondary degeneration after virus production. The 
increased formation of cytoplasmic vacuoles, the vesiculation of the Golgi 
complex, and the decrease in cellular ribosomes are directly induced by some 
process necessary for viral multiplication and maturation. The mitochondria 
became swollen and dilated and their number decreased. The microvilli became 
shorter, distorted and sparse, and pinocytotic vesicles were absent in cells at 
intermediate and later stages of infection. 

The profuse diarrhea that the calves developed after oral inoculation 
may be explained by the loss of function of infected cells during viral replica¬ 
tion and the subsequent cytocidal action which leads to an excessive rate of 
cell death. The microvillous border became excessively damaged and normally 
functions as an important digestive and adsorptive surface of the intestinal 
cell (3). The pinocytotic system, the rough and smooth reticulum network, and 
the Golgi elements have significant functions in intestinal cell transport and 
biosynthesis. The relatively rapid degeneration and loss of mitochondria 
impaired the ability of intestinal cells to generate energy required specifically 
for active transport functions in absorptive intestinal epithelial cells. All these 
changes in cellular organelles are likely to contribute to intestinal dysfunction 
and malabsorption. 

Although the histological changes induced by coronavirus infection were 
remarkably consistent in all calves and were similar to those described in pigs 
with transmissible gastroenteritis (8, 27) and dogs with coronavirus enteritis 
(10), at present none of these changes should be considered as specific or 
pathognomonic for this infection. The specificity of these changes should be 
clarified and compared with other intestinal infections with obligate intra¬ 
cellular parasites. Increased desquamation, vacuolation and the related 
decrease in height of intestinal epithelial cells probably results from any 
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Fig. 14. Virions (arrows) in the intercellular space (IC) of the lateral cell membranes (LCM) 
of adjacent intestinal absorptive epithelial cells. Nucleus (N), rough endoplasmic reticulum 
(RER). Uranyl acetate-lead citrate stain. 48,000 X 


cytocidal infection of the absorptive intestinal epithelial cells. This feature was 
seen in intestinal chlamydial infections of calves (5). Clubbing and fusion of 
villi, edema, cell infiltration of the lamina propria as well as festooning and 
fragmentation of the basal lamnia were features also found in the intestinal 
chlamydial infections of calves. Finally, the hypertrophy and dilation of the 
crypts of Lieberkiihn were observed in intestinal chlamydial (4, 5) and parvo- 
viral infections (2, 12). It becomes more and more evident that intestinal 
infections with viruses or chlamydial agents should be studied and compared 
on a cell biological and ultrastructural basis. 

Summary 

Seven conventional newborn calves were inoculated orally with the 
coronavirus strain LY-138, originally recovered from naturally-infected 
diarrheic calves. All calves developed diarrhea during the first 24 h after 
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inoculation. The presence and excretion of virus was monitored by electron 
microscopy. 

Grossly, the changes were subtle and not striking. The intestinal tract 
was distended and contained a yellow clear fluid. The small intestinal wall 
was thin and transparent. 

Histologic changes were characterized by atrophy and fusion of the villi, 
decreased height and vacuolation of the intestinal epithelial cells, by a reduced 
number of goblet cells, crypt hypertrophy and dilatation, and by edema and 
increased cellularity of the lamina propria mucosae. 

Ultrastructurally the viral agent infected the intestinal absorptive epi¬ 
thelial cells, undifferentiated epithelial cells and goblet cells of the villi, and 
occasionally fibroblasts and endothelial cells of the lamina propria mucosae. 
Morphologic evidence indicated that virus multiplication occurred only in the 
cytoplasm of infected cells. The rough and smooth endoplasmic reticulum 
became dilated, and electron-dense, granulo-fibrillar material filled their 
cysternae to form smooth membrane-bounded viral factories in the supra¬ 
nuclear cytoplasm of infected intestinal epithelial cells. Ultrastructural cyto¬ 
logic changes in this viral infection consisted of dilation of the endoplasmic 
reticulum network, cellular ribosome depletion, extensive endoplasmic vacuo¬ 
lation and vesiculation of Golgi elements of intestinal epithelial cells, swelling 
and degeneration of mitochondria, loss of normal nuclear polarity with pyk- 
nosis and karyolysis of the nuclei, loss of cytoplasmic matrix, and a broad 
spectrum of pathologic changes involving the microvilli and terminal web. 

Zusammenfassung 

Lichtmikroskopische und Ultrastrukturelle pathologische Veranderungen 
bei intestinaler Coronavirusinfektion neugeborener Kalber 

Sieben konventionelle neugeborene Kalber wurden oral mit dem Corona- 
virus-Stamm LY-138, der urspriinglich von natiirlich infizierten Kalbern mit 
Diarrhoe stammt, infiziert. Alle Kalber entwickelten Durchfall wahrend der 
ersten 24 Stunden nach Inokulation. Vorhandensein und die Ausscheidung des 
Virus wurden elektronenoptisch verfolgt. 

Sichtbare Veranderungen waren gering und wenig auffallend. Der Darm- 
trakt war erweitert und enthielt eine gelbe, klare Fliissigkeit. Die Diinndarm- 
wand war diinn und durchscheinend. 

Histologische Veranderungen waren charakterisiert durch Atrophie und 
Verschmelzung der Zotten, verminderte Hohe und Vakuolisierung der intesti- 
nalen Epithelzellen, durch eine reduzierte Anzahl von Gobletzellen, Krypten- 
hypertrophie und -erweiterung, sowie Ddematisierung und erhohte Zellulari- 
tat der lamina propria mucusae. Ultrastrukturell infizierte das Virus die 
intestinalen absorptiven Epithelzellen, nichtdifferenzierte Epithelzellen und 
Gobletzellen der Zotten, und gelegentlich Fibroblasten sowie Endothelzellen der 
Lamina propria mucosae. Die morphologischen Veranderungen weisen darauf 
hin, daft die Virusvermehrung nur im Zytoplasma infizierter Zellen stattfand. 
Das rauhe und glatte endoplasmatische Retikulum war erweitert, und elektro- 
nendichtes, granulo-fibrillares Material fiillte die Zisternen aus, die feine 
Membran-gebundene Virusvermehrungsfabriken in dem supranuklearen Zyto- 
plasmabereich infizierter intestinaler Epithelzellen bildeten. Ultrastrukturelle 
zytologische Veranderungen bestanden bei dieser Virusinfektion aus Erweite¬ 
rung des endoplasmatischen Retikulumnetzwerks, zellularem Ribosomenverlust, 
extensiver endoplasmatischer Vakuolisierung der Golgielemente der intestina¬ 
len Epithelzellen, Schwellung und Degeneration von Mitochondrien, Verlust 
der normalen nuklearen Polaritat mit Pyknose und Karyolyse der Zellkerne, 
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Verlust der Zytoplasmamatrix, und aus einem breiten Spektrum pathologischer 
Veranderungen an den Mikrozotten und der terminalen Netzstruktur. 

Resume 

Lesions pathologiques ultrastructurelles et au microscope optique lors 
d’infection intestinale a Coronavirus chez des veaux nouveau-nes 

Sept veaux nouveau-nes conventionnels ont ete infectes oralement par la 
souche LY-138 de Coronavirus, isolee precedement chez des veaux naturelle- 
ment infectes presentant une diarrhee. Tous les veaux developperent une 
diarrhee durant les premieres 24 heures suivant Pinovulation. La presence et 
la secretion du virus ont ete suivies au microscope electronique. 

Les lesions apparentes furent faibles et peu apparentes. Le tractus digestif 
fut elargi et contenait un liquide jaune et clair. La paroi de Pintestin grele 
etait mince et transparente. 

Les lesions histologiques furent caracterisees par une atrophie et une fusion 
des villi, une hauteur diminuee et une vacuolisation des cellules epitheliales 
de Pintestin, par un nombre reduit des cellules caliciformes, une hypertrophie 
et un elargissement des cryptes ainsi qu’un oedeme et un nombre de cellules 
augmente de Lamina propria mucosae. 

Le virus a infecte ultrastructurellement les cellules epitheliales absorbantes 
de Pintestin, des cellules epitheliales non differences et des cellules calici¬ 
formes des villi, de temps en temps des fibroblastes et des cellules endo- 
th^liales de Lamina propria mucosae. Les lesions morphologiques ont montre 
que la multiplication du virus n’avait lieu que dans le cytoplasme des cellules 
infectees. Le Reticulum endoplasmique grossier et fin fut elargi et un materiel 
granuleux et fibrillaire remplissait les citernes qui formaient de fines regions 
de replication virale li£es a la membrane dans le voisinage cytoplasmique 
supranucleaire des cellules epitheliales infectees de Pintestin. Les lesions cyto- 
logiques ultrastructurelles lors de cette infection virale consisterent en un 
elargissement du reseau endoplasmique, une perte des ribosomes cellulaires, une 
vacuolisation endoplasmique extensive des Elements de Golgi dans les cellules 
epitheliales de Pintestin, une enflure et une degenerescence des mitochondries, 
une perte de la polarite nucl^aire normale avec une picnose et une carylolyse 
des noyaux cellulaires, une perte de la matrice cytoplasmique et un large 
eventail de lesions pathologiques des microvilli et des tissus terminaux. 

Resumen 

Modificaciones patologicas fotomicroscopicas y ultraestructurales en la 
infection intestinal de terneros recien nacidos por virus Corona 

Se infectaron por via oral siete terneros convencionales con la estirpe de 
virus Corona LY-138, la cual es originaria de terneros, infectados natural- 
mente, con diarrea. Todos los terneros manifestaban diarrea durante las 24 
horas primeras despues de la inoculacibn. Se seguia electronicoopticamente la 
presencia y elimination de virus. 

Las modificaciones visibles eran escasas y se destacaban poco. El tracto 
intestinal se hallaba dilatado, conteniendo un liquido amarillo claro. La pared 
del intestino delgado era tenue y translucida. 

Las modificaciones histopatologicas se caracterizaban por atrofia y solda- 
dura de las villosidades, altura reducida y vacuolizacidn de las c£lulas epiteli- 
ales intestinales, por una cantidad reducida de celulas caliciformes, hipertrofia 
y ensanchamiento de las criptas, y por edematizacion y celularidad aumentada 
de la lamina propia mucosa. El virus infectaba ultraestructuralmente las celulas 
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epiteliales intestinales absortivas, celulas epiteliales no diferenciadas y celulas 
caliciformes de las villosidades,y, en ocasiones fibroblastos y celulas endoteliales 
de la lamina propia mucosa. Las modificaciones morfologicas senalan que 
la multiplicacion de virus solo tuvo lugar en el citoplasma de las celulas infec- 
tadas. El reticulo endoplasmdtico basto y fino se hallaba dilatado y material 
granulosofibrilar, opaco a los electrones, ocupaba las cisternas, las cuales 
formaban lugares finos de replicacion antiviral, ligados a las membranas en 
el ambito citoplasmatico supranuclear de celulas epiteliales intestinales infec- 
tadas. Las modificaciones citoldgicas ultraestructurales consistian en esta infec- 
ci6n a virus en dilatacidn del reticulo endoplasmitico, perdida celular de ribo- 
somas, vacuolizacion endoplasmatica extensiva de los elementos de Golgi de 
las celulas epiteliales intestinales, tumefaccidn y degeneracidn de mitocondrias, 
perdida de la polaridad nuclear normal con picnosis y cariolisis de los micleos 
celulares, perdida de la matriz citoplasmatica, y en un espectro amplio de 
modificaciones patologicas en las microvillosidades y tejidos terminales. 
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